























































































































































= −INa − IK − Ileak − Iapp        
(3-1
ci) 















= −Jchan −  JERpump −  JERleak
 JCa, JPMleak  JPMCa
























−[Glu−] + ([Ca2+] −  [Ca2+]th) − κλ    if [Ca
2+] >  [Ca2+]th
−[Glu−] − κλ                                                                  otherwise




















































0 + RT ln([S]i) + zFVi
μS,e = μS




∆μS = μS,i − μS,e = RT ln
[S]i
[S]e

































































IP3(t) =  Jβ(γA(t)) + Jδ (Caast,soma(t), IP3(t)) 
−J3K (Caast,soma(t), IP3(t)) − J5P(IP3(t))
  
Jβ(γA(t)) = OβγA(t)




2, Kδ)  
J3K (Caast,soma(t), IP3(t)) =  O3Kℋ(Caast,soma(t)
4, KD)ℋ(IP3(t), K3) 
J5P(IP3(t)) = Ω5PIP3(t)   




𝛕𝐀      𝟎. 𝟓𝟓  
𝐎𝐌     𝟎. 𝟑 × 𝟏𝟎
𝟑 μ  
𝛇  𝟎. 𝟕𝟓  
𝐎𝛃    β  𝟏 μ  
𝐎𝛅 δ  𝟎. 𝟎𝟓 μ  
𝛋𝛅    δ  𝟏 μ  
𝐊𝛅 δ  𝟎. 𝟓 μ  
𝐎𝟑𝐊     𝟒. 𝟓 μ  
𝐊𝐃      𝟎. 𝟓 μ  
𝐊𝟑      𝟏 μ  










h(t) =  h∞ − h(t)







3 h(t)3(CT − (1 + ρA)Caast,soma(t))  
m∞
3 = ℋ(IP3(t), d1)ℋ(Caast,soma(t), d5)                    
  












   
𝛀𝐋   𝟎. 𝟏
𝐂𝐓     𝟐 μ  
𝛒𝐀      𝟎. 𝟏𝟖  
𝐝𝟏     𝟎. 𝟏𝟑 μ  
𝐝𝟐     𝟏. 𝟎𝟓 μ  
𝐝𝟑     𝟎. 𝟗𝟒𝟑𝟒 μ  
𝐝𝟓    𝟎. 𝟎𝟖 μ  
𝐎𝟐  𝟎. 𝟐 μ  
𝛀𝟐 
 
𝟎. 𝟐𝟏 μ  
𝛀𝐂  𝟔
𝐊𝐏     𝟎. 𝟎𝟓 μ  






= αNMDAGlusyn(1 − rNMDA) − βNMDArNMDA





   





= αAMPAGlusyn(1 − rAMPA) − βAMPArAMPA 




= αGABAAGABAsyn(1 − rGABAA) − βGABAArGABAA                    
IGABAA  =  gGABAA rGABAA (Vm − EGABAA)







𝛂𝐆𝐀𝐁𝐀𝐀 𝟓 × 𝟏𝟎
𝟐
𝛂𝐀𝐌𝐏𝐀 𝟏. 𝟏 × 𝟏𝟎
𝟑
𝛂𝐍𝐌𝐃𝐀 𝟕𝟐



























𝛕𝐟𝐚𝐜𝐢𝐥 𝟎. 𝟓𝟑 𝐬𝐞𝐜
𝛕𝐢𝐧 𝟎. 𝟎𝟎𝟑 𝐬𝐞𝐜
𝛕𝐫𝐞𝐜 𝟎. 𝟖𝟎𝟎 𝐬𝐞𝐜










xA(t) = 1 − xA(t) − rA(t)δ(t − tj)τG 
τG
Grel(t) = ρeGTrA(t)                                                          
ρe  GT


























)     
 





























𝟎. 𝟎𝟎𝟐𝟓  
 


















       






= −INa(t) − IK(t) − Ileak(t) − Isyn(t) − Iexsyn(t) 
μ
μ
 INa (t) =    gNam(t)∞
3  b(t)(Vm(t)  − ENa)                  
 IK(t)  =   gkn(t)
4(Vm(t)  −  EK) 









   
 











      
 





   
K+
 











        
 

































 )           
μ
  










pA m2⁄                                
 IEAAT = αe
β(V−Vrev)                                            
 ln(IEAAT) = ln α + ln e




 IEAAT = −α(e
−β(V−Vrev))                                          
α β






























































































= −(INa,Pre + IK,Pre + Ileak,Pre + IPreGABAA + Iapp)   
 
  
 INa,ast     =       1.5IEAAT + 3INKA + 3INCX + 2IGAT + INa,leak  
 IK,ast       =  − 0.5IEAAT − 2INKA + IKir + IK,leak  
 IGlu,ast    =    −0.5IEAAT +   IGlu,leak                                   
 ICa,ast      =     −2 INCX    + ICa,leak                                
 IGABA,ast =          IGAT + IGABA,leak             


















= −(INa,neuron + IK,neuron + Ileak,neuron + INMDA + IAMPA + IGABAA) 
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